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The Aquarium of the i.\farine Biological Station of t he Tohoku University at 
Asamushi has adopted an open system for the sea water circulation since it was 
established in 1924, thus the sea water temperature in the aquarium is influenced 
by that of the shore, and it had been difficult to control. In midsmnmer, the sea 
water temperat ure in the aquarium rises to 22"' 25°C, being influenced by the warm 
water of the field (Fig. 1). Under such a condition it has been impossible to 
exhibit cold water animals as Gadus morhtta nuwrocephaltts, Theragra chalcogrctmma, 
Pleurogramrnus azonus and Octopus hongkongensis, in the summer months, and all 
of them die by the end of June or the middle of July. There has been a desire 
to show to the public these animals which are characteristic of the northern water. 
For the rearing of these animals over the summer, the writer attempted to make a 
cooling apparatus for the aquarium in 1964 adapting a cooler produced for the low-
temp(•cl 
2 3 4 5 6 7 8 9 10 I I 12 
month 
Fig. 1 The sea water surface temperature at Asamushi in 1964. 
1) Contributions from the Marine Biological Station of Asamushi, Aomori·Ken. No. 333 
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temperature storage of straight milk (manufactured by the Toshiba Electric Co. 
Ltd.). This apparatus is simple and inexpensive, and can thus be equipped in each 
aquarium. 
As the writer successfully reared some of the cold water fishes in 1965 using this 
apparatus, he reports in this article on its structure and the results of the rearing. 
Here the writer thanks Dr. Eturil Hirai, the Director of the Marine 
Biological Station of Asamushi, for his supervision during the course of the 
investigation on aquariology, and Dr. Makoto Toriumi of the Station for his kind 
suggestion qn the apparatus. 
SPECIFICATION AND S'l'RUCTURE OF THE COOJ~ER 
The specification and the structure of the cooler are shown in Table l aud Fig. 2. 
Table 1 
The specification of the cooler. 
Type FWB-402B 
Size (mm) 360 X 630 X 400 
Weight (kg) 50 
Cooling ability 800 Kcal/h {Air temp. 35'0 Water temp. 15°0 
Electric properties 
a) Power supply Single-phase 100V 50/60 cjs 
b) Amperage 6.5/7.1 A 
c) Input 590/685 W 
-------+--___.::__ -- --·· 
Volume of circulated 
water 







Automatic regulation (from 5°0 to 10°0) 
ARRANGEMENT OF APPARATUS 
The arrangement of this apparatus is shown in Fig. 3. 
The cooler (a) and the cooling tank (b) were placed above the aquarium (c). 
One end of the transparent pipe of vinyl-chloride (d) (30m in length; 19mm in 
inside diameter; 22mm in outside) was connected to the projection opening (e) of the 
cooler, and the other was opened to the cooling tank. This pipe was tied into a 
volution by synthetic fiber on a transparent plate (90X90cm; 3mm in thiclmess), 
and was hung at the depth of lOcm, the tied side facing downwards. The suction 
pipe (f) was connected· to the cooler and the other end was opened to the tank, 
through whose pipe the fresh water in the tank was sucked into a cooler, then cooled 
directly. So, the cooled water runs through the volute pipe cooling the sea water 
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Fig. 2 The structure of the cooler. 
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in the aquarium indirectly. The cooling tank was 0.6x0.5x0.4 m; and" the 
volume of the circulated water was 15·1/min. 
The aquaria used for the rearing experiments are as follows: 
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I No. of No. of Aquarium\ Size (m) Volume I No. of I circulation 
No. (t) apparatus system* airstone 
1 13.0xl.4x 1.51 6.3 I 2 I 2 
2 ll.4x l.4x 1.5[ 2.9 
I 
1 I 1 








Fig. 3 The anangement of the apparatus. 
METHOD 
The rearing continued until Oct. 29th (Aquarium 2) and Oct. 23rd (Aquarium 
1), respectively. The following cold water animals were placed in the two aquaria 
on June 24th: 
Aquarium 1 Gadus morlvua macrocephalus 2 Individuals 
Pleurogrammus azonus 6 " 
Hemitripterus villosus 6 " 
Patinopecten yessoensis 5 " 
Oucumaria frondosa var. japonica 3 " 
Aquarium 2 Octopus hongkongensis 1 individual 
REARING OF COLD WATER FISHES 223 
During this period, the sea water temperature of the two aquaria and the control 
aquarium (same size as Aquarium 2: open system), the water temperature of the 
cooling tank and the air temperature of the aquarium-room were recorded three 
times a day, viz. at 8:00 a.m., 12:00 and 4:00 p.m., and condition of the 
animals were also recorded. Although the circulation in Aquarium 1 was switched 
from the closed system to the open on Oct. 29th, the temperature was recorded 
after that. 
The initial temperatlires (at 9: 00 a.m. on June 24th) were as follows: 
Aquarium 1 17.0°C 
Aquarium 2 17 .0°C 




The sea water temperatures (at 12: 00) of Aquarium 1 and the control during 
this period are shown in Fig. 4. In Aquarium 1 the temperature dropped to 12.8°C 
in a day, being 4.5°C lower than that of the control, and became nearly constant 
thereafter. On the other hand, in the control, it gradually rose until it reached the 
maximum of 25°C at the end of August, then it fell to 16.3°C by late October. Tlte 
water temperature of Aquarium 1 was 14.5°C on Aug. 20th, being about 10°C 
lower than that of the control. As it dropped to 12.5°C on Sept. 20th, one cooler 
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Fig. 4. The sea water temperatures of Aquarium 1 ( ·) and the control (x) from 
June 24th to November 6th, 1965. 
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Gadus morhua macrocephalus in Aquarium 1 died on Oct. 21st, so all of the other 
animals were removed to Aquarium 2 (14.0°0). On Oct. 23rd, both closed and open 
systems were used at the same time, being supplied with the fresh sea water (16.3 
0 0), because the temperature in this aquarium dropped to 13.0°0. Then, the 
cooler completely stopped and the aquarium was switched to an open system when 
it became 14.0°0 on Oct. 29th. During the period of this rearing, the temperature 
was kept at 13.5 ± 1.0°0 in Aquarium l. 
In the meantime, the sea water temperature in Aquarium 2 was 14.5±0.5°0 
since the beginning, but Octopus hongkongensis died on July 24th. Against the 
expectation, the octopus survived only 30 days. 
Two individuals of Gadus mfYT'hua macrocephalus took the diet sufficiently at 
first, then one of them gradually became inactive from the sixth day and failed to 
feed, overbalancing in early July, and thus it died on July 14th. The other stopped 
feeding completely at the end of July and became inactive and overbalanced, then 
died on Oct. 21st. Three individuals of this species in the control were annihilated 
by the first day of July, the water temperature at that time was 20.0°0. 
Five individuals of Pleurogrammus azonus among six and four of HP:mitripterus 
villosus among six survived. One of the latter had not taken any bait since 
before the experiment and died on Aug. 20th. Another spawned on the fixed 
plate of the cooling pipe on Sept. 22nd, when the sea water temperature was 12.8 
0 0. As the breeding period of this fish in nature in the vicinity of Asamushi 
extends from late October to early November, this spawning was fairly early, but 
the water temperature in the aquarium was almost equal to that of the field condi-
tion in its breeding season. This fish died on Oct. 4th, and the eggs might be 
unfertilized. One among six of Pleurogrammus azonus died on Oct. 21st. In the 
control pool 19 individuals of this species were in healthy condition and took the 
diet sufficiently at first, but they were annihilated by the fifth day of Augnst when 
the temperature exceeded 20.0°0. 
Being healthy till the 20th day, Octopus hongkongensis notably declined since 
the beginning of July and died on July 24th. 
Without food, all individuals of Patinopecten yessoensis and Oucumaria frondosa 
var. japonica survived. over the summer in Aquarium l. Some of the latter in the 
control died by the 14th day of July, and all except one of the former were also 
annihilated. 
CONSIDERATION 
Since the trial on the circulation system of a single aquarium separated from 
the whole had been attempted by Hirosaki (1959), the regulation of the sea water 
temperature has been done freely in the aquarium by adopting an open system. 
Araga (1963) successfully reared throughout the year five giant spider crabs, 
Maorocheira kaempheri, by using the cooling apparatus with both closed and open 
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systems. Shiomi et al. (1964) also succeeded to keep Octopus hongkongensis through-
out the summer with cold sea water circulation. These apparatuses were rather 
expensive and of large-scale. Trying to make an inexpensive and portable cooling 
apparatus, the present apparatus was made and some cold water marine animals 
were reared. Consequently, this apparatus was suitable for the purpose. 
In advance of the rearing, the writer had determined by his experiences in the 
past that the maximum sea water temperature of the aquarium must be kept at 
15°0 and below, because the most cold waterfishes had a tendency to take no bait 
at all at 15°0 or higher temperatures and die when it exceeded 20°0. Nakamura 
(1963) also reported that it was possible to rear these animals throughout the 
year keeping by the temperature below 15°0. 
For admitting light, transparent materials were used as the cooling pipe and its 
fixed plate. And the reason why the pipe was tied into a volution was for keeping 
the fold off and thus lessening· the inner resistance of the running water. The 
length and thickness of the pipe used was most important in this apparatus. The 
diameter of the pipe was adjusted to that of the projection pipe, and the length was 
decided to be 30m because 20m was not effective .to lower the temperature (from 
19.5°0 to 14.5°0), and cooling water in a cooler became frozen because of the 
increase of the inner resistance when it exceeded 40m. Though to get a lower tem-
perature, the use of a metal pipe (18-8 stainless steel, etc.) may be favorable, but its 
durability is not certain in the ·sea water. In the case of a copper pipe, Nakamura 
concluded that it was not suitable as a cooling coil no matter how many times it was 
coated. 
Against the expectation, the writer failed to rear Gadus morhua macroceplwlus 
and Octopus hongkongensis throughout the year, but Pleurogrammus azonus and 
Hemitripterus villosus were· nearly successfully reared. The death of Octopus 
lwngkongensis was not due to the sea water temperature of 14.5°0 because the 
optimum and maximum temperatures of the rearing are 15°0 and 20°0 respectively 
(Kokubo, 1962). It is pointed out in general that Octopoda suffers a fatal blow by 
the accnmulation of N03 ion and the low value of pH, but Nakamura succeeded to 
rear the animal for a long time at pH 7.2. It was pH 7.6 in the present aquarium 
when the octopus died. Generally speaking, it is most important in the rearing 
of Octopoda to keep sufficient the sea water. 
The writer used this apparatus in the exhibition aquarium, but it seems that 
it is better to be used in the experimental aquarium for the cooling cultivation 
with a small amount of cooling water or in the isolation aquarium of the cold water 
animals. On the rearing of the fresh water fishes, the cooler is used to keep alive 
some of OncfYT'hynchus nerka var. adonis over the summer in the Towada Freshwater 
Aquarium. 
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SUl\:11\:IARY 
l. The writer made a cooling apparatus for the aquarium adapting a cooler 
produced for the low-temperature storage of straight milk. 
2. Four species of the cold water fishes were successfully reared from June 
to October by using this apparatus. During this period, the sea water temperature 
of the cooled aquarium was 13.5± l.0°C. 
3. Gadus morhua macrocephalus lived some hundred days more than the 
control. Four individuals of Pleurogrammus azonus among five, and four of 
Hemitriptertts villosus among six survived respectively. But in the aquarium 
without cooling Pleurograrnrnus azonus showed a tendency to die when the sea 
water temperature exceeded 20°C. 
4. Octopus hongkongensis was reared for 30 days in the cooled aquarium. 
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